The intervals between the two components of the second heart sound (A2-P2), measured from the phonocardiograms of 50 patients with severe aortic regurgitation, were compared with those of 57 normal subjects. During expiration the second sound was single or closely split in both groups. Inspiratory augmentation of the A2-P2 interval of less than 0.02 sec occurred in one normal subject (2%) and in 42 patients with aortic regurgitation (86%). Thus the great majority of patients with severe aortic regurgitation had either a single or a closely split second heart sound during both phases of respiration. The mean Q-A2 intervals (rate corrected) of 30 patients, in whom severe aortic regurgitation was documented by contrast angiographic studies, were longer than those of normal subjects during both phases of respiration, and the difference was statistically more significant (P < 0.02) during inspiration. Thus prolongation of the Q-A2 interval was the main factor responsible for the disappearance of the normal asynchrony of semilunar valve closure, in patients with aortic regurgitation.
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The following phonocardiographic study ejection peric was undertaken to characterize precisely the The the subject in supine position and during continuous spontaneous respiration. For timing purposes an electrocardiographic lead and external carotid pressure pulse were recorded simultaneously. In each case, the intervals from the onset of electrical activity to the onset of aortic valve closure sound (Q-A2) and pulmonic valve closure sound (Q-P2) were measured over three respiratory cycles during both phases of respiration. When a single sound was recorded, the aortic and pulmonic components were assumed to be superimposed. However, in some instances absence of one In normal subjects this interval ranged from 0 to 0.04 sec during expiration and from 0.03 to 0.07 sec during inspiration (table 2). The inspiratory increase varied from 0.01 to 0.07 sec. Thus none of the normal subjects had single second sounds during inspiration. In contrast, 76% of 50 patients with aortic regurgitation had a single second heart sound during inspiration.
Duration of Left and Right Ventricular Systole During Respiratory Cycle
During expiration, the Q-A2 interval ranged from 0.26 to 0.43 sec in normal subjects and from 0.28 to 0.44 sec in normal subjects and from 0.37 to 0.49 sec in patients with aortic regurgitation. The inspiratory changes of these intervals are summarized in table 3. In patients with aortic regurgitation, the Q-A2 and Q-P2 intervals did not show the constant reciprocal variations shown in normal subjects. In a number of patients the inspiratory shortening of the left and right ventricular systoles was associated with acceleration of the heart rate due to respiratory arrhythmia. An inverse relationship between heart rate and the duration of ventricular systole is well known.2 For this reason Q-A2 and Q-P2 intervals were corrected for the heart rate. The rate corrected range, mean, and standard deviations of Q-A2 and Q-P2 intervals of 57 normal subjects and of 30 catheterized patients with severe aortic regurgitation are shown in table 4. During expiration the rate corrected Q-A2 and Q-P2 intervals were slightly longer in patients with aortic regurgitation than in normal subjects. The differences, however, were not statistically significant. With inspiration the mean Q-A2 interval of normal subjects shortened while that of patients with aortic regurgitation prolonged and the difference between the means of both groups became significant (P < 0.02).
Discussion
The intervals between the two components of the second heart sound and its respiratory variations in the 57 normal subjects were, in general, similar to those found by previous investigators.3-8 The second sound was single or closely split during expiration in all subjects and in the great majority of patients with aortic regurgitation, it was either single or closely split during both phases of respiration. The rate corrected mean Q-A2 interval was longer during both phases of respiration in patients with severe aortic regurgitation than in normal subjects. The prolongation of left ventricular systole may be due to the aortic reflux and selective increase in the filling and stroke volume of the left ventricle and is consistent with a well-established fact that duration of ventricular ejection varies directly with stroke volume.9-10 Indeed, the left ventricular ejection periods of patients with aortic regurgitation were significantly longer (table 1) than those found in normal subjects by previous investigators.11 -3 The inspiratory augmentation of Q-A2 interval in patients with aortic regurgitation differs from that in normal subjects and deserves explanation. In normal subjects the inspiratory drop of intrathoracic pressure augments the effective filling pressure'4 and the filling'5 of the right ventricle from the extrathoracic reservoir. The effective filling pressure and the filling of the left ventricle, which receives its blood from the intrathoracic reservoir, are simultaneously reduced.16 In aortic regurgitation, however, the left ventricle receives its content from pulmonary veins and from the aorta. The Q-A2 interval may be prolonged when the inspiratory augmentation of aortic reflux exceeds the reduction of pulmonary venous return, and the interval may remain constant when the changes in the contribution of forward and regurgitant flows are equal in magnitude and opposite in direction. The assumption that aortic reflux changes with respiration provides a logical explanation for the respiratory variations of the Q-A2 interval in patients with aortic regurgitation, but it remains to be proven by direct measurements.
The respiratory variations of Q-P2 interval in patients with aortic regurgitation were smaller than those in normal subjects. The cause is not clear to us. An overfilled left ventricle during diastole may reduce the compliance of the right ventricle by increasing the convexity of the interventricular septum into the right ventricular cavity. A right ventricle with reduced compliance may respond to respiratory fluctuations of filling pressure, with less pronounced changes in stroke volume and systolic duration. In 50% of our patients with aortic regurgitation the right ventricular end-diastolic pressures exceeded the upper limits of normal and in the majority of them this occurred in spite of normal pulmonary artery pressure.
An overfilled left ventricle may affect the duration of the right ventricular systole by a different mechanism. During systole contraction of the deep circular fibers enclosing the left ventricular cavity produces a greater curvature of the interventricular septum into the right ventricle.' In addition, the free wall of the right ventricle is attached to the left ventricle along the interventricular groove. Traction along this line moves the free wall of the right ventricle toward the convex surface of the interventricular septum, thus producing a bellows action, which is effective in ejecting blood. 18 According to Kagan19 complete destruction of the free wall of the right ventricle of the dog by cauterization had no obvious effect on circulatory efficiency. Similar observations were made in man after massive infarction of the right ventricle.20 These suggest that a more powerful contraction of the left ventricle may increase the efficiency and shorten the right ventricular systole. Regardless of the exact mechanism responsible for the variations, precise phonocardiographic analysis of the inspiratory variations of the second heart sound and of the duration of right and left ventricular systoles helps separate the majority of patients with severe aortic regurgitation from normal subjects. Such separation, however, has little clinical value, except perhaps in a computer diagnosis program of heart diseases.
